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ABSTRACT 



This thesis presents a rrethod for decomposing a 
specification of a problem into a sequence of sufcproblem 
specifications. The method uses the specification to build a 
tree-like structure called a semantic net. The net is then 
used to construct a sequence of subspecifications. Each 
subspecif icaticn of the sequence represents a subproblem. 
Composition of the solutions to the subproblems results in a 
solution to the given problem specification. 

In this work* we present an intuitive approach to what 
Artificial Intelligence and program synthesis is, define the 
sequence problem associated with program syntnesis, and 
present the method for deriving a sequence of 

subspecif i cations . When this has been done, the method is then 
applied to a specific problem domain called the Blocks World. 
We then consider the method in a non-31ocks World domain and 
follow with a summary. 
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I . TKTPCtUCTTON 



What is programmi ng? Is programming really a creative 
activity reserved only for huiran participation? What is the 
essence, the bare bones of it, that distinguishes it frorr 
ether activities or things? As we ponder these questions, let 
us observe the relationship between the expert and the 
apprentice. The expert is busily working away on the job and 
then he notices his helper standing idly on the sice. The 
expert then says to his helper, "Bo tnis and do tnis and do 
this and then do that." And now, we can observe the helper 
being as busy as the expert. Eoth are being constructive. 
Clearly, the "how to do it" was left up to the helper. 3ut the 
question we' right ask is, "Was the helper programmed by the 
expert?" 

In the past fifteen to Zt years, a small number of 
theoretical psychologists, mathematicians, and computer 
scientists in the area of Artificial Intelligence have started 
to equip computers with the ability to perform programming. We 
call this ability automatic programming when referring to the 
computer being able to write programs. It is dubbed automatic 
because the programming is accomplished without human 
intervention once the specification is supplied to it. The 
specification is analogous to the information given by the 
expert to the helper in the above scenario. 
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The above questions and scenario involving the expert and 
apprentice are an attempt to show that p rog ragging is a 
complex subject. This thesis will focus upon a srrall but 
significant ingredient of the programing process, the 
sequence. The aim of this thesis is similar to what transpired 
between the expert and the apprentice above, '.ve want to 
develop a set of methods that will consider "in tote" the set 
cf events that describe a problem and then determine a 
sequence for "achieving" the events, if one exists, that will 
realize a solution to the problem. 

This thesis considers the "sequence problem" as it relates 
to automatic program synthesis. In so doing, we present a 
novel method for decomposing a problem into a sequence of 
subprcblems. The method uses the specification to build a 
tree-like structure called a semantic net to determine a 
sequence of specifications. Since automatic program synthesis 
falls within the area of Artificial Intelligence and since 
Artificial Intelligence means different things to different 
people, we find it best to proceed by first establishing 
intuitions and frames of reference about the concepts used to 
present a solution method for this problem. 
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II. NATURE OF ARTIFICIAL INTELLIGENCE 



When the terrr "Artificial Intelligence" (the capitalized 
forrr - henceforth AI ) is used, the errphasis is on the subarea 
cf Corrputer Science; a subfield of a technology. The 
uncapitalized forrr, "artificial intelligence", on the other 
hand, refers to the mechanisms or things that AI attempts to 
discover. As such, we can say AI attempts to discover 
artificial intelligence. 

The nature of AI can be understood test by observing its 
primary activity, its problem domain, its goal, and its motive 
for doing research. The primary activity of AI is empirical 
investigation. AI has few, i? any, theories. Consequently, 
investigative strategies have been substituted for the missing 
theories. Additionally, AI 's problem domain is complex and 
only partially understood at best. It follows therefore that 
highly structured or tailored techniques do not exist. In 
shcrt, one can view AI as the area where problems are not 
fully understood, are yet solvable by humans in most cases, 
and have no special-purpose techniques for providing a 
solution. Simon in [lj defines AI as: 

"The domain in which it has not yet been possible tc 
substitute powerful special-purpose techniques for 
weak methods. At any time that such techniques are 
discovered for a particular subset of problems, these 
problems are removed from the jurisdiction of AI to 
that of operations research or numerical analysis.” 
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'*e shall in this thesis also adopt this view of AI. Aside from 
noticing the dynamics of Simon's definition, it becomes 
evident, if his definition is true, that AI will always seem 
to be groping along on the frontier (and pushing the 
state-of-the-art! ) . 

The goal of AI is to equip machines with a human-like 
ability to solve problems [2]. This goal is best understood 
within the context of the evolution of our derand upon 
computers. Initially, the scope of the demand, was to have 
computers handle large, simple and highly redundant jobs like 
census tabulations and projectile trajectory calculations. 
Currently, supercomputers are used on extremely large and 
complex flow-rate problems like those associated with 
metecrology. Researchers are also exploring computer usage in 
the decision-maki ng processes. These systems are known as 
lecision Support Systems (ESS). An interesting performance 
criterion of a ESS is its ability to support not only 
different decision-making processes out also suoport a variety 
cf cognitive styles [3] . This performance criterion is an 
example of the newer kinds of demand we are now placing on 
computers. Two other examples are the increasing desire to 
interface with a database using human speech, and the 
increasing desire to employ autonomous robots in high risk 
situations like mining or military applications. 
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The importance of these examples is that sorre computer 
experts feel that the kind of computing associated with AT 

will dominate the kind of computing we do in the future, for 
example, during a private conversation in October 1982, R. '.V. 
Bamming summarized the evolution of computing by Figure 2.1. 
The figure shows the doubling of computer capacity over time 
as a result of the kinds of computing. Each curve in Figure 
2.1 represents the kind of computing that summarizes user 
demands over some time frame. Note how AI is predicted as the 
next classification of user demand. Consequently, if this be 
true, what we do or fail to do in AI greatly effects our 
ability to cope with cur problems of the near and distant 
future. 

As a result, the motive for doing AI research is precisely, 
cur aggregate demand on computers that gets translated into 
users wanting to have computers perform like humans in less 
well-structured problem domains. Ironically, the motives for 
doing the research make a suitable definition for AI - the 
area of discovering mechanisms, for computer usage, that 
enable a system like the human mind to behave purposefully, 
adaptively, and sometimes even effectively, over a wide range 
of difficult and ill-structured tasks [2] . Frobably the most 
striking effort (i.e., comprehensive, ambitious, coordinated, 
etc.) is the Japanese proposal for the fifth generation 
computer [4]. 
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Figure 2.1 

Hamming's Summary of User Demand 



III. NATURE OF PROGRAM SYNTHESIS 



A. GENERAL 

The terrrs "program synthesis" and "automatic program 
synthesis" are need interchangeably, out one should keep in 
irind that the aim is to equip the computer with the skill to 
do prcgrammi ng. 

Formally, program synthesis can be defined as the art of 
deriving a program from a given probler specification without 
specifying any algorithm [5]. Simply, the requirements that 
the program must meet are stated without indicating how to 
create the program. The "how" is the jurisdiction of the 
synthesis system. Regardless of the means for doing the 
synthesi s , ' by human or machine, a program synthesis syster 
must be provided with these basic things: 

a specif ication which is capable of stating a problem 
which the synthesis system has been designed to solve; 

knowledge for coordinating the synthesis system's actions 
as it proceeds to transform the problem into a program 
that is a solution to the specification; 

an ability to produce code for the target language. 
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